The wall structure of the fission yeast Schizosaccharomyces pombe, examined by enzymic techniques, consists of a galactomannan, an a-glucan and /3-glucan. The structures of the a-glucan and galactomannan were investigated by methylation. The wall structure is discussed in relation to the taxonomic position of the genus Schizosaccharomyces.
method of Brownlee & Wheat (1966) . Reducing groups were determined by the Nelson Somogyi method (Nelson, 1944) and D-glucose by the D-glucose oxidase method (Huggett & Nixon, I 957) . Disaccharides were identified as their alditol acetates by gas-liquid chromatography using a copper column (100 x 0.6 cm) with 40 ml N2/min as carrier gas and a temperature gradient of 4 "C/min from 200 to 300 "C. The column was packed with 3 9;
OV 17 on Chromosorb W (Hewlett Packard, 433 Fair Oaks Avenue, Pasadena, California,
U .S .A .) .
Polysaccharides were tested for homogeneity by colouring with a dichloro-s-triazinyl dye (Blau G H 2769; Ciba-Geigy, Bade, Switzerland) followed by electrophoresis on cellulose acetate (Dudman & Bishop, I 968) . Polysaccharides were then methylated by the procedure of Hakomori (1964) as described by Sandford & Conrad (1966) and the methylated derivatives hydrolysed by the formic acid-sulphuric acid method (Bouveng & Lindberg, I 965) . The resulting methyl sugars were identified and measured as their alditol acetates by gasliquid chromatography using column A (OV-225) and column B (ECNSS-M) (Hewlett Packard) as described by Lonngren & Pilotti (1971) . The identity of all methyl sugars was confirmed by combined gas-liquid chromatography and mass spectrometry performed on a Pye gas chromatograph coupled to an AEI MS 20 mass spectrometer, using column A.
Walls (20 mg) were also degraded using purified exo-/?-(I .+ 3) glucanase (200 units) (Huotari, Nelson, Smith & Kirkwood, 1968) from Basidiomycete ~~8 0 6 (Reese & Mandels, 1959) . The degradation products were assayed as described by Bauer et al. (1972) .
1971).

R E S U L T S
Carholijdrate con tent of' ?*east walls
Walls contained 97 0 carbohydrate, as measured with the phenol-sulphuric acid method. When walls were hydrolysed before sugar determination, the value dropped to 89 (:o, indicating that hydrolysis had caused sotne degradation of the sugars. Glucose (91.3 to), mannose (5.6 "4) and galactose (3-2 yo) were identified in the hydrolysed wall preparations but no glucosamine could be detected. Wall structure of S. pombe lized by the /?-(I -+ 3) glucanase without degradation. The supernatant and the residue were dialysed against distilled water, after which they were hydrolysed and the resulting sugars converted to their alditol acetates and measured by gas-liquid chromatography. 
Methylation studies on walls and glucanase-digested walls
To obtain sufficient material for methylation studies, walls (200 mg) were digested as before with glucanase (2000 units). The residue (R) was washed, dialysed and freeze dried, and consisted of glucose (93 yo), mannose (4-2 yo) and galactose (2.5 yo), corresponding with previous results. The supernatant (S,) was dialysed, treated with trichloracetic acid (10 yo)
at o "C to remove the enzyme, and Fehling's solution at p H 10 was added. The precipitate was removed by centrifuging, washed in 0.1 M-HCl, dialysed and freeze-dried (S2). This material contained mannose (61 yo), galactose (30 yo), and glucose (9 %). Repeated precipitations with Fehling's solution of a part of S, reduced the glucose content to less than 2 yo, indicating that most of the glucose was not part of the polysaccharide. This preparation now ran as a single band when subjected to cellulose acetate electrophoresis (Dudman & Bishop, 1968) , but as the amount of material was much decreased, the original preparation of S, had to be used in methylation studies.
The residue (R, 10 mg) and the supernatant (S,, 5 mg) were methylated twice and a sample of the wall preparation (20 mg) was methylated three times. A variety of methyl sugars was obtained after hydrolysis of the methylated fractions (Table I) . From these results, the wall of Schizosaccharomycespombe appears to consist of at least three major polysaccharides: /?-(I -+ 3) glucan, which is degraded by the P-(I -+ 3) glucanase; a residue consisting mainly of (I -+ 3) linkages which since it was not degraded by the P-glucanase is probably a-linked; and galactomannan. The presence of a separate /?-(I + 6)-linked glucan cannot be discounted.
Galactomannan. Methylation and hydrolysis of the Fehling's precipitate (S,) gave rise to methyl mannitols (55 Yo), methyl galactitols (32 yo) and methyl glucitols (8 yo). The latter, mainly 2,4,6-tri-O-methyl glucitol, arose almost certainly from contamination by one of the ( I + 3)-linked glucans, so that the methylated galactomannan gave rise to 2,3,4,6-tetra-Omethyl galactitol, 2,3,4-tri-O-methyl mannitol and 3,4-di-O-methyl mannitol in almost equimolar proportions. Methylation of the galactomannan from Schizosaccharomyces octosporus (Gorin, Spencer & Magus, I 969) gave rise to 2,3,4,6-tetra-O-rnethyl galactose, 2,3,4,6-tetra-O-methyl mannose, 2,4,6-tri-O-methyl galactose, 2,3,4-tri-O-methyl mannose and 3,4-di-O-methyl mannose in the ratio 8.6: 1-4: 7-3 : 9-8. The di-0-methyl mannose was not measured. The specific rotation of this galactomannan was + 110" as compared with our value of +94", and on partial hydrolysis it gave a mannan with a -(~ + 6 ) -~-mannopyranose units, suggesting that this formed the backbone of the molecule. The main differences between the galactomannans of S. pombe and S. octosporus are the presence of mannose units linked through positions I, 4 and 6 in the former and the presence of nonreducing terminal mannose units in the latter. The amount of non-terminal galactose units is higher in S. octosporus than in S. pombe, but these were not present in any other yeast galactomannans examined by Gorin et al. (1969) .
a-Glucan. Methylation and hydrolysis of the residue (R) gave (yo) : 2,4,6-tri-O-methyl glucitol (89) and 2,3,6-tri-O-methyl glucitol (7), together with small amounts of 2,3,4,6-tetra-0-methyl glucitol and galactitol (I -4 and I -6, respectively), q-di-O-methyl glucitol ? Lonngren & Pilotti (1971). (1.4) and 3,4-di-O-rnethyl mannitol (1.4). Methyl mannose and galactose probably both originated from the galactomannan; thus the glucan would appear to be a straight-chain molecule linked (I -+ 3). Whether the (I -+ 4) linkages form part of the same molecule is uncertain, but this could be confirmed using specific a-glucanases. The small amounts of tetra-and di-0-methyl glucitols may indicate a low percentage of branches, but they are more likely to originate from the P-glucan, which also gives rise to these methyl sugars. As this (I -+ 3) glucan was not degraded by the /?-( I -+ 3) glucanase, it was assumed to be a-linked. This was confirmed by the infrared spectrum, which corresponds with that found by Bacon et al. (1968) and the specific rotation + 230' (c. 0.47 in NaOH), which is typical of an a-(~ -+ 3) glucan (Horisberger, Lewis & Smith, 1972) .
P-Glucan. Degradation of yeast walls by the purified exo-P-(I -+ 3) glucanase indicated that there were 42 % /?-(I -+ 3) linkages in the wall. A satisfactory separation of the P-glucan from the other fractions by alkali treatment was not achieved and its structure was therefore determined by methylating the entire walls and the analyses compared with the results of methylating the a-glucan and galactomannan. The residue of the glucanase digest (R) made up 28% of the wall. Thus of the 58% 2,4,6-tri-O-methyl glucitol found on methylation of the whole wall, about 25 yo is accounted for by the a-glucan, leaving 33 yo from P-linked glucan. The 2,3,4,6-tetra-O-methyl glucitol and 2,4-di-0-methyl glucitol were found only in trace amounts in the galactomannan and a-glucan and therefore originated mainly, if not totally, from the P-glucan(s). The 4,6-di-0-methyl glucitol, which was not present in either the methylated a-glucan or gaiactomannan, almost certainly originates from incompletely methylated (I -+ 3)-linked residues which are sometimes found with the methylation of such polysaccharides (Horisberger, I 966) . If this is so, then the methylation results indicate 45 yo P-(I --+ 3) linkages in the wall, but if not, then these linkages only make up 37 yo of the wall. Enzyme degradation indicated a figure of 42 % P-(I -+ 3) linkages, so that the two methods are in good agreement. The presence of P-(I -+ 4) linkages cannot be discounted as more 2,3,6-tri-O-methyl glucitol n.as found in the wall than could be explained by the a-glucan. 2,3,4-Tri-O-methyl glucitol has relative retention times of 2.22 on column A and 2-49 on column B (Lonngren & Pilotti, 1971 ) and thus cannot be distinguished from 2,3,4-tri-Omethyl mannitol (relative retention times 2-19 and 2.48 respectively). Thus. in the methylated walls, there is probably some 2,3,4-tri-O-methyl glucitol originating from (I -+ 6) linkages; this is supported by the walls containing 506% mannose but upon methylation having 8.8 yo methyl mannitols. If this is the case, then it supports the findings of Manners & Masson (1969) ' who found strong evidence for the presence of a distinct /I-( I -6) glucan in the walls of Schizosaccharomyces pombe.
DISCUSSION
The wall structure of Schizosaccharomyces pombe is made up of P-glucan (46 to 54:6), which may consist of two separate polysaccharides : a glucan with mainly p-( I 6) linkages and a glucan with mainly P-(I -+ 3) linkages. The presence of some (I + 4) linkages in the P-glucan cannot be discounted. The x-glucan (28 yo) is most probably a straight-chain polysaccharide, linked mainly a -(~ + 3), but again there is evidence that (I -4) linkages (7 yo) are present in this molecule. The galactomannan (9 to 14 yo) appears to consist of a (I -+ 6)-linked mannose backbone with (I + 2)-linked mannose side-chains having nonreducing terminal galactose units. A small amount of non-terminal galactose \\as found in this galactomannan. Deshusses et al. (1969) and Poole & Lloyd (1973) obtained walls containing 57 to 60:; carbohydrate, though in neither case was this measured directly. Our figure of 97 is more typical of the walls of yeasts and fungi (Bartnicki-Garcia, 1968) , but may be somewhat high due to loss of lipid in the ether during the preparation (Mill, 1966) .
The detection of a galactomannan as a Fehling's precipitate in the walls contrasts with the results of Kreger (1954) , Deshusses et al. (1969) and Poole & Lloyd (1973) . However, Spencer & Gorin (1973) pointed out that galactomannans may take as long as z to 3 months at 4 "C to precipitate with Fehling's solution and this could account for the pre\ ious failures, although Deshusses et al. (1969) did find only a trace of galactose in the walls of S. pombe and Poole & Lloyd (1973) found none. Our results support those of Gorin & Spencer (1968) and Gorin et al. (1969) , who identified galactomannans in several species of Schizosaccharomyces and analysed the structure of that from S. octosporus.
The solution of an a-( --+ 3) glucan from the walls of Schizosaccharomyces pouibe supports the work of Kreger (1954) and Bacon et al. (1968) and may explain the resistance of S. pombe walls to P-(I -+ 3) glucanase found by Tanaka & Phaff (1966) , tlioush the exo-/j-(I -+ 3) glucanase of Basidiomycete ~~8 0 6 was capable of degrading the B-(r -3) glucan. Whether the /%(I -+ 3)-and P-(I -+ 6)-linkages arise from one or more polysaccharides is not yet clear. As the amount of gentiobiose found in the enzyme digest was sinall compared with the amount of 2,4-di-0-methyl glucitol found on methylation and hydrolysis of the walls, a part of this di-0-methyl sugar could have arisen from a mainly ,&(I -+ 6)-linked glucan which would not have been degraded by the P-(I -+ 3) glucanase. This point is being further ex a mined.
We found no glucosamine in hydrolysates of the wall of Schizosaccharomyces pombe, suggesting chitin to be absent. The absence of chitin in the walls of S. octosporus was demonstrated by Roelofsen & Hoette (195 I ) and in S. octosporus, S. pombe and S. versatilis by Kreger ( I 954), which makes it surprising that glucosamine should be identified in wall hydrolysates by Poole & Lloyd (1973) .
The wall structure of Schizosaccharomyces pombe differs in several important respects from that of budding ascomycetous yeasts such as Saccharomyces cerevisiae. For example, the presence of x-glucan could denote a close relationship to mycelial Ascomycetes, many of which contain this polymer in their walls (Bartnicki-Garcia, 1968) . As mannan and chitin play a part in the budding process of S. cerevisiae (Bush & Horisberger, 1973; Cabib & Bowers, 1971) . the absence of mannan and the presence of galactomannan in S. pombe may indicate their involvement in the fission process. These hypotheses are speculative at present, but detailed studies of the structure of the walls of related organisms, especially the mycelial acd 1 east forms of Schizosc;ccharomyces versatilis, may help to elucidate them.
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